Introduction
Alzheimer's disease (AD) is a neurodegenerative disorder of the central nervous system characterized by a progressive loss of short-term memory accompanied by a gradual loss of cognitive functions (Ross et al., 2004) . AD is among the most frequently encountered diseases in aging societies with an estimated 5million people in the United States and 17 million people worldwide suffering from the disease. It is expected that these numbers will quadruple by the year 2040, by which 1 out of 45 Americans will be affected, leading to a considerable public health burden (Fratiglioni et al., 1999) . AD pathogenic mechanisms contributing to neuronal loss and brain dysfunction are still unclear. However, remarkable advances have taken place in understanding of both the genetics and molecular biological aspects of the intracellular processing of amyloid and tau and the changes leading to the pathologic formation of extracellular amyloid plaques and the intraneuronal aggregation of hyperphosphorylated tau into neurofibrillary tangles. This progress in our understanding of the molecular pathology has set the stage for clinically meaningful advances in the development of biomarkers.
Proper diagnosis is essential for instituting appropriate clinical management. While diagnostic accuracy for the disease has improved, the differential diagnosis of the disorder is still problematic. In the very early stages of the disease, frequently classified as mild cognitive impairment (MCI), delineating disease process from "normal ageing" may be difficult; in later stages of the disease, distinguishing AD from a number of neurodegenerative diseases associated with dementia may also be difficult. Furthermore, the disease progression is slow and there is variability of performance on clinical measures, making it difficult to monitor change effectively. Since disease modifying therapy is likely to be most effective early in the course of disease, early diagnosis is highly desirable before neurodegeneration becomes severe and widespread.
In clinical practice, the diagnosis of AD is still largely based on consensuscriteria combined with the exclusion of secondary causes of memory loss (Knopman et al., 2001; McKhann et al., 1984) .Thus, there is an urgent and desperate need for a biomarker that can reliably prognose the disease. Biomarkers of AD occupy an essential place in recently formulated diagnostic criteria for AD, in which their role is to identify the pathophysiological processes underlying cognitive impairment or to help predict time to reach up to dementia. Criteria for a useful biomarker have been proposed by an international consensus group on molecular and biochemical markers of AD in 1998 (The Ronald and Nancy Reagan Research Institute of the Alzheimer's Association and the National Institute on Aging Working Group, 1998). According to these guidelines, a biomarker for AD should detect a manifestation of the fundamental neuropathology and be validated in neuropathologically-confirmed cases. Its sensitivity for detecting AD should exceed 80% and its specificity in differentiating between AD and other dementias should be higher than 80%. Ideally, a biomarker should also be reliable, reproducible, non-invasive, simple to perform, and inexpensive. One further role of particular interest to patients and clinicians dealing with AD is its ability to detect the disease at the earliest possible stage.
Based on growing body of evidence concerning the pathophysiology of AD, a number of putative biological markers of disease have been evaluated against clinical and neuropathological standards. Biomarkers are very useful for diagnosing and monitoring disease progression (Ward et al., 2007) and are important for patient selection, monitoring sideeffects, aiding selection of appropriate patient treatment, and helping new drug discovery. For the clinical studies of AD therapeutics, there is an increasing need for diagnostic markers to ensure that therapies are targeted at the right patient population, to initiate early treatment when disease-modifying drugs will be available, and to monitor disease progression (Hye et al., 2006 ).
Biomarkers in CSF
One of the most promising sources of biomarkers in AD is the cerebrospinal fluid (CSF).The molecular changes in the brain extracellular and interstitial environments are reflected in CSF. The single-cell layer epithelium separating the two compartments allows a virtually unhindered flow of molecules from the brain towards the CSF. CSF biomarkers for AD should reflect the central pathogenic processes in the brain. Furthermore the CSF is accessible to trained clinicians using a relatively simple lumbar puncture (Fenton et al., 1994) . Several studies have investigated CSF inflammatory markers, immunological mediators, neurotrophins, metalloproteinases or isoprostenes. Candidate CSF biomarkers include total tau (T-tau) as a marker for the neuronal degeneration (table 1) , phosphorylated tau (P-tau) as a marker for tau hyperphosphorylation (table 2) and  formation of tangles Aβ42 as a marker for Aβ metabolism and plaque formation (table 3 , 1997) . In these studies of early dementia, the potential of CSF t-tau protein to discriminate between AD and normal aging appeared high, with average 75% sensitivity and 85% specificity. An age-associated increase of t-tau protein has been shown in nondemented subjects (Buerger et al., 2003; Sjogren et al., 2001b) . Therefore, the effect of age should be considered when t-tau protein levels are employed diagnostically.
Phosphorylated tau (p-tau)
Tau protein exists in six isoforms of 352-441 amino acids in length that are subject to a variety of posttranslational modifications (Hanger et al., 2007) table 3 ). The most consistent finding is a marked decrease in Aβ1-42 protein in AD (to approximately 50% of control levels). Using Ab1-42 protein alone yielded sensitivities varying from 78% to 100% (table 3) and specificities from 47% to 81% when distinguish AD from elderly controls. There is a pronounced overlap, however, between studiesfrom different groups. Based on recent data a cut-off-level of >500 pg=ml has been suggested to discriminate AD best from normal aging (Sjogren et al., 2001a) . One study has documented a significant decrease in CSF Aβ1-42 protein in MCI subjects compared to controls, but this study had no follow-up measure (Andreasen et al., 1999a (Tapiola et al., 2000) . A highly significant correlation between low CSF concentrations at baseline and follow up. In a separate study, no correlation was found between CSF levels and duration or severity of AD (Andreasen et al., 1999b ).
Combination of CSF amyloid and tau phosphorylation
The current limitations of the predictive value of Aβ 42, t-tau and p-tau181 as AD biomarkers alone, these have been used together to develop a ''CSF AD signature'', again, with mixed results (Shaw et . The cognitively normal group with an AD signature were enriched in apolipoprotein E4 alleles. Validation of these findings in two further data sets showed that 64/68 (94% sensitivity) of autopsy-confirmed AD patients were classified with an AD signature while 57 MCI patients followed for 5 years had a sensitivity of 100% in progressing to AD based on their biomarker signature. The presence of a CSF AD signature in cognitively normal subjects was interpreted by the authors as an indication of AD pathology being present and detectable far earlier than previously envisioned in disease progression.
NF proteins
Neurofilaments (NFs) are neuron-specific intermediate filaments and serve as a major cytoskeletal component in neurons. In a mature mammalian neuron, NFs are co-assembled from three subunits, termed NF-H (high), NF-M (medium) and NF-L (low). As NFs are confined to the nervous system, they might be one of the best markers reflecting neuronal pathogenic changes seen in some neurological disorders, such as AD. In AD brain, the levels of phosphorylated NF-H/M (pNF-H/M) have been found to be markedly increased (Wang et al., 2001 ). Hu et al., (2002) found that, the levels of phosphorylated NF-H/M (pNF-H/M), nonphosphorylated NF-H/M (npNF-H/M) and NF-L were significantly higher (pNF-H/M,,12-24-fold; npNF-H/M,,3-4-fold) in neurologically healthy aged people than young individuals. In AD, the levels of npNF-H/M, and NF-L were similar to vascular dementia (VaD), and higher than in age-matched controls and the levels of pNF-H/M were significantly higher AD and ALS than in aged controls and VaD. Based on these findings, it is suggested that the increased level of total NF, p-NF proteins in CSF could be used as a marker for brain aging and neurodegenerative disorders in general, and the levels of pNF-H/M as a marker to discriminate AD from normal brain aging and as well as neurological conditions including VaD (Hu et al 2002 Our lab recently discovered that the protein tangles which are a hallmark of the disease involve at least three different proteins rather than just one (table [4] [5] [6] . The discovery of these additional proteins, neurofilaments, MAP2 and Vimentin, should provide better understanding the biology and progression of the disease as well as provide additional biomarker at the early stage of the disease.
Other CSF biomarkers for AD
As the AD signature approach based on the amyloid and tau causality hypothesis of AD continues to evolve, other CSF biomarkers are also being assessed. These include CSF cytokines (Swardfager et 
Oxidized proteins: Potential candidate biomarkers in AD
Although the pathogenesis of AD is not yet fully known, it is clear that the disease is caused by a combination of risk factors. Among several hypotheses, oxidative stress is considered to play a significant role . Although CSF represents the most suitable biological fluid to study neurodegenerative diseases since it can reflect the biochemical changes occurring in brain, its analysis is not always easily feasible for a large scale screening, because the costs involved are enormous and procedures are invasive, uncomfortable and not without risk. For a full screening and early diagnosis, biomarkers easily detectable in biological samples, such as plasma, are needed. Up to now, the search for reliable biomarkers for AD in peripheral blood is very challenging because of difficulties with the standardization of the methods of analysis and the low reproducibility of the results. Although a set of plasma markers that differentiated AD from controls have been shown to be useful in predicting conversion from MCI to AD (Song., 2009), the study has not been yet verified by other researchers and the application of these candidate biomarkers have yet to achieve the diagnostic power, sensitivity, and reproducibility necessary for widespread use in a clinical setting. Oxidized proteins may represent potential candidate biomarkers for "oxidative stress diseases", such as AD.
The first report on protein oxidation in CSF samples was from Tohgi et al. (1999) who demonstrated that 3-nitrotyrosine moderately but significantly increased with advancing age, and showed a remarkable increase in patients with AD. As the free tyrosine concentration did not decrease, the increase in 3-nitrotyrosine with age or associated with AD did not appear to be directly related to an increase in free-nitrated tyrosines. Rather, the increased 3-nitrotyrosine was likely due to an increase in nitrated tyrosines in proteins or increased degradation of 3-nitrotyrosin containing proteins, which are highly vulnerable to degradation.The most reliable CSF markers in AD are Aβ42 and tau. Low CSF Aβ 42 is associated with amyloid pathology in the brain and high Tau is linked with neurofibrillary pathology (Frey etal. 2005 ). Most subjects with decreased CSF Aβ42 and high tau develop AD during the follow-up (Herukka et al., 2007) . Therefore, these CSF markers may reflect brain pathology and identify preclinical AD. Interestingly, the levels of CSF Aβ42 showed a tendency to correlate positively with serum oxidative markers in the whole study population and with plasma nitrotyrosines in AD patients. Moreover, a negative correlation between CSF tau and serum nitrotyrosine levels was evidenced in controls (Korolainen et al., 2009 ). The correlation between CSF AD markers and blood oxidative markers may suggest that oxidative metabolism is changed in AD. This hypothesis is further supported by the finding of decreased CSF protein carbonylation in APOE ε4 carriers, which is considered an important risk factor for developing AD (Raber et al., 2004 ) and correlates with redox proteomics studies that identified metabolic proteins as oxidatively modified and dysfunctional (Choi et al., 2004 ). Advanced oxidation end products (AOEs,) during AD, colocalize with neurofibrillary tangles, senile plaques, microglia, and astrocytes and have been also measured in plasma. Advanced oxidation protein products (AOPPs), a relatively novel marker of oxidative damage, are considered as reliable markers to estimate the degree of oxidant-mediated protein damage. A significant increase in protein carbonyls in hippocampus (HP) and inferior parietal lobule (IPL) of AD subjects compared with age-matched controls was observed. Dityrosine and 3-NT total levels were reported to be elevated in the hippocampus, IPL, and neocortical regions of AD brain. Alterations in brain phospholipids pattern, a more specific assessment of lipid peroxi- Previous studies on CSF nitrite and nitrate levels in patients with AD have provided contradictory results, with some showing decreased nitrate levels (Kuiper.,1994) , others showing unaltered nitrite/nitrate levels (Ikeda.,1995) , and still others increased nitrate levels (Tohgi., 1998). However, another study from the same group showed that nitrite/nitrate levels in AD were stage-dependent, being elevated only in the early phase of AD and decreasing to control levels with disease progression (Tohgi., 1998) . This finding was interpreted to reflect progressive reduction of neurons. In contrast, free 3-nitrotyrosine levels increased significantly in parallel with the severity of AD, suggesting that protein degradation increases with disease progression, resulting in increased release of free 3-nitrotyrosine from tyrosine residues that have been nitrated. 3-nitrotyrosine and the 3-nitrotyrosine/tyrosine ratios in the CSF, both of which are believed to reflect degradation of nitrated tyrosine-containing proteins, increased significantly with age and were remarkably higher in patients with AD than in controls.
A study by Choi et al. (2002) identified uniquely oxidized proteins in AD plasma. These authors applied two-dimensional gel electrophoresis (2DE) coupled with immunological staining of protein carbonyl and the oxidized proteins observed in the plasma of both AD subjects and non-AD controls were determined. However, the level of oxidation of these protein spots was markedly higher in the AD samples. They also found that the increased oxidation was not a generalized phenomenon. In the total protein stain profile, more than 300 spots were detected, but less than 20 spots were positive by immunostaining with anti-DNP antibody. Furthermore, of the seven proteins that were most intensively oxidized, their relative levels of oxidation differed. These studies found that fibrinogen gamma chain precursor and alpha 1 antitrypsinprecursor showed increased levels of carbonyl groups in AD comparedwith controls (Stief et al., 1989 ).
Identification of a new plasma biomarker of AD using metabolomics technology
Current metabolomics research involves the identification and quantification of hundreds to thousands of small-molecular-mass metabolites (<1,500 Daltons) in cells, tissues, or biological fluids. The aims of such studies are typically to understand new diagnosis biomarkers, to understand the mechanism of action of therapeutic compounds, and to uncover the pharmacodynamics and kinetic markers of drugs in patients and in preclinical in vivo and in vitro models (Wilcoxen et al., 2010) . Lipidomics is one of the metabolomics approaches used to analyze lipid species in biological systems (Hu et al., 2009; Han et al., 2005; Han and Gross, 2003) . Investigating lipid biochemistry using a lipidomics approach will not only provide insights into the specific roles of lipid molecular species in healthy individuals and patients but will also assist in identifying potential biomarkers for establishing preventive or therapeutic approaches for human health (Hu et A very recent study by Sato et al (2011) were able to find a biomarker desmosterol that changes in AD compared with plasma from healthy elderly controls. They have shown that desmosterol plasma level and the desmosterol/cholesterol ratio in the same patients was significantly decreased. This study is the first report that plasma desmosterol levels are decreased in AD and MCI. And future studies are needed to confirm whether desmosterol could become an attractive plasma AD biomarker that could perhaps also be utilized for diagnosis and as well as for monitoring noninvasively the effect of future AD drugs on disease progression.
MicroRNAs as biomarkers for AD
MicroRNAs (miRNAs) are a class of small, endogenous, noncoding RNA molecules that serve as posttranscriptional regulators of gene expression (Lee etal.,1993; Giannakakis etal.,2007) . miRNAs are acquiring important and determinant roles in the regulation of brain gene transcription in health and disease: the fact that approximately 80% of the human brain genome is transcribed into RNA, but only about 2% of the genome is transcribed into protein, underscores the potential of various levels of RNA signaling and epigenetic mechanisms to contribute to physiological gene control (Makeyevetal., 2008) . In the last few years, miRNAs have been emerging as important regulators of various aspects of neuronal development and dysfunction (Gao.,2007; Lukiw.,2007) . The role of miRNAs in neurodegenerative diseases has been investigated using miRNA microarray profiling in brain tissue samples derived from patients and controls. Using miRNA expression profiling in cortex samples from a wellcharacterized clinicopathological series of elderly controls, MCI subjects and AD patients, Wang et al (2008) identified miR-107 to be specifically decreased early in the course of AD. Computational analyses predicted BACE1 mRNA as a target of miR-107 and correlative mRNA expression studies confirmed its role in regulating BACE1 expression. An independent miRNA profiling study by Hebert et al (2008) confirmed the importance of BACE1 regulation by miRNAs. The presence of a modulation of miRNA in regions of brain targeted by AD neuropathology was further demonstrated (Lukiw et al., 2008; Lukiw., 2009 ), thus suggesting a specific involvement of miRNAs in pathogenetic signaling pathways associated with the AD process. Recent findings suggest that neuronal miRNA deregulation in response to an insult by Aβ may be an important factor contributing to the cascade of events leading to AD (Schonrock, et al., 2010) . Of note, the upregulation of peripheral miRNAs in AD could contribute to the diminished plasma proteins reported to be predictive biomarkers for AD (Ray Set al., 2007) . In addition, it has recently been reported that miRNAs can be detected in CSF: an altered regulation of miRNA expression in AD brains was paralleled by a modulation of miRNA levels in the CSF (Cogswell et al., 2008) . These studies provide an initial hope that miRNAs could represent accessible biomarkers to support clinical diagnosis in the near future.
Timing and other influencing factors of biomarker use
Disease modifying drugs are likely to be most effective in the earlier stages of AD, before neurodegeneration is too severe and widespread, so trials for this type of drug will need to include AD cases in the earlier stages of the disease. Validated biomarkers that could enable accurate identification of AD pathology at an early stage would be of great use (Hampel et al., 2011) . Alternatively, baseline biomarker measurements can be used for enrichment and stratification in proof-of concept studies, as well as for supporting go/no-go decision making of phase III trials. Biomarkers should be used in all stages of drug development including phase I, phase II and phase III. They can be used to enhance inclusion and exclusion criteria, for stratification. Biomarkers can also be used as outcome markers to detect treatment effects. Particularly, if biomarkers are intended to be used as surrogate endpoints in pivotal studies, they must have been qualified to be a substitute for a clinical standard of truth and as such reasonably predict a clinical meaningful outcome. Finally, biomarkers can be used to identify adverse effects. Nevertheless there are several pitfalls to be faced in the interpretation of biomarker data in AD drug development, such as the fact that biomarkers may be nonspecific to AD, it may not be feasible to measure them in the appropriate system (i.e. the central nervous system) and the risk of over-interpreting biomarker data in phase II trials if statistical significance levels are not adjusted for multiple comparisons (Aisen, 2009). Failure to consider these issues could contribute to false conclusions and costly errors (Hampel et al., 2011; 
Conclusion and future directions
Several promising drug candidates with disease-modifying effect, such as Aβ immunotherapy, secretase modulators, and tau aggregation inhibitors, have now reached the stage of being tested in clinical trials. The promise of disease-modifying therapy has created a need for biomarkers to enable the clinical identification of the disease at an early stage. Early diagnosis will be of great importance since disease-modifying drugs are likely to be most effective in the earlier stages of the disease, before neurodegeneration is too severe and widespread. A large number of studies have demonstrated that tests based on CSF t-tau protein, p-tau and CSF beta-amyloid1-42 have reasonable specificity and sensitivity when differentiating AD from normal aging. A smaller number of studies show similar accuracy when distinguishing AD from major depression. These tests may also be useful in detecting MCI patients who go on to develop AD.
Unfortunately, the value of these biomarkers to clinicians is limited, because they are not specific enough to accurately separate AD from other common forms of dementia, such as VaD and LBD. Sometimes the combination of both CSF t-tau protein and CSF Aβ1-42 markers does not markedly improve on their individual sensitivity. CSF p-tau, based on different phosphorylation epitopes of tau protein, has now been examined in a number of independent studies. Initial results are extremely promising, showing that different p-tau protein epitopes may substantially contribute to improved diagnostic accuracy of AD in comparison with healthy aged controls, elderly depressed patients and those with other types of dementia. Compared with CSF t-tau protein and CSF Ab1-42 markers, CSF p-tau is more specific and less influenced by age or degree of cognitive decline . This has an important implication for the value of CSF p-tau to clinicians. If the marker becomes abnormal very early in the course of disease relatively independent from the degree of cognitive decline than the marker may be ideal as a diagnostic test. If, however, the marker is closely linked to current or future cognitive decline, then it may be better suited as a prognostic tool. Studies of all possible biomarkers to date in AD, suggest p-tau comes the closest to the ideal diagnostic marker. However, different epitopes of p-tau may have different strengths and weaknesses. CSF p-tau231 may be most useful in distinguishing AD from frontotemporal dementia (FTD). CSF p-tau181 may improve separation between AD and LBD. In addition, CSF p-tau231 may be the most useful prognostic marker candidates that predicts cognitive decline to AD in MCI subjects.Further studies are needed to decide whether detection of multiple phosphoepitopes may allow a distinct representation of AD related pathology at different stages of the disease (Augustinack et al., 2002).
NFTs contain aberrantly hyperphosphorylated Tau as paired helical filaments. Although NFs have been shown immunohistologically to be part of NFTs, there has been debate that the identity of NF proteins in NFTs is due to the cross-reactivity of phosphorylated NF antibodies with phospho-Tau. Our laboratory recently reported (Rudrabhatla et al., , 2011 ) the direct evidence of NFs in NFTs. Moreover, neuronal death and degeneration may release fragments of these proteins into body fluids at sufficient levels to be easily detected by specific antibodies at early, preclinical stages of AD. A battery of antibodies to NF-specific phosphoepitopes and Tau in NFTs may offer a unique approach to the design of effective early biomarkers.
The rapidly developing fields of large-scale and massive-scale genomics, proteomics, and metabolomics are now joining functional neuroimaging, structural neuroimaging, and neuropsychometric contenders in the race to establish useful biomarkers of AD and other dementing illnesses. Redox proteomics studies have provided insights into the role of oxidative stress in AD pathology. Posttranslational modifications of brain proteins, induced by oxidative damage, lead to impairment and dysfunction of several cellular functions thus providing clues about important molecular basis of neurodegeneration associated to AD. In addition, these studies have identified specific therapeutic targets in this disorder. In recent years, growing studies have been focused to establish a direct link between tissue specific oxidation and systemic oxidative damage (Blennow et Studies investigating oxidative stress outside of the CNS, particularly in blood, while prove the occurrence of oxidative reactions, are not fully elucidating the complex cascade of events. Thus, one hypothesis is that oxidative stress first develops in the periphery as a result of different causes, and then it will contribute to perturb neuronal homeostasis, either by increasing the production of ROS or by depleting antioxidant defense, which will eventually lead to oxidative damage of the brain and neurodegeneration. The development of new plasma biomarkers could facilitate early detection, risk assessment and therapeutic monitoring in AD. On the other hand, it is also possible to imagine that oxidative stress starts in the CNS where several different metabolic end-products are formed and released into the blood stream. In this context, an important issue is to perform further studies in order to investigate the timing of appearance of oxidative damage signatures at systemic level during the onset of AD early stages and the progression to late stages.
Recently, important steps have been accomplished but there is still a lot of work to be directed towards the discovery, testing and validation of a panel of novel and old assays that could serve all the requirements for ideal biomarkers. However, the emerging trend which results from the collection of multiple data from different source is the wide variability among different studies that led to contrasting results. Thus, there is an urgent need to standardize protocols for replicate experiments on large population, which may allow to better understanding the effect of systemic oxidative damage in the pathogenesis and progression of AD. Indeed, this is also evident by the lack of redox proteomics and microRNA studies applied to biological fluids. This approach has the power to search for specific microRNA and protein oxidative modification thus allowing the identification of altered miroRNA and protein in complex matrices such as body fluids, which may discriminate AD vs healthy condition.
There are several different reasons to support the development of more sensitive method to detect a biochemical marker in AD: to increase diagnostic accuracy; to identify MCI subjects who will progress to clinical AD; to monitor pharmacological and biological effects of drugs. There is an urgent need to add further peripheral markers of oxidative stress as useful diagnostic biomarker. There is clearly a growing interest among clinicians and basic scientists to tap on each other's expertise in the area of ageing neurobiology research. Such collaborations between geriatricians, neuroimaging specialists, neuropsychiatrists as well as molecular and cellular neurobiologists are being fostered. Further research is necessary to improve especially the early/differential biochemical diagnosis of AD. Some considerations need to be taken into account when designing future studies. These should include high numbers of relevant AD of different origin, a combination of biomarkers and other risk factors, long-term follow-up of patients and if possible neuropathological verification of the diagnosis. Standardization of methods seems critical to reducing inconsistency and increasing reliability. It is necessary to implement common protocols for sample preparation, experimental design and generation of proteomics data. Thus, global initiatives of standardization are of critical importance and large multicenter studies are needed to further define the added diagnostic value when multiple biomarker modalities are combined.
The essential goal in biomarker discovery studies is the identification of preclinical marker, which facilitates disease diagnosis at earlystages, is hoped that markers of prognosis will enable clinicians to monitor whether new candidate treatments of AD are working, effectively and inexpensively and assesses the response to treatments by the time that disease-modifying treatments become available in clinical practice.
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